The moderating impact of temporal separation on the association between intention and physical activity: a meta-analysis 
Introduction
Increasing the intention to act is an important aim of many behaviour change interventions, such as those aiming to increase levels of physical activity (PA). This is due to intention
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being viewed as the variable most proximal to behaviour by several commonly used models. Previous meta-analyses have estimated the intention-behaviour (I-B) association to be between r = .45 and .51 (Hagger, Chatzisarantis, & Biddle, 2002; McEachan, Conner, Taylor, & Lawton, 2011) . However, those meta-analyses have also revealed a large degree of heterogeneity, suggesting that the I-B association needs to be examined for the presence of moderating variables. The period of temporal separation between the measurement of intention, typically assessed using mixed measures of participants self-ratings of intention, expectation and desire (Armitage & Conner, 2001) , and the measurement of behaviour, also typically assessed using self-reports (McEachan et al., 2011) , has been argued to be an important moderator of the I-B relationship in PA (Downs & Hausenblas, 2005; McEachan et al., 2011) . Increasing periods of temporal separation are considered likely to attenuate the strength of the I-B association as with longer time periods an individual will have more opportunities to be exposed to new experiences and information that might lead to a change in intention (Ajzen & Madden, 1986) . This may be a particularly critical issue for PA, as the health benefits of exercise accrue only after individuals have engaged in that behaviour regularly over a sustained period of time.
Prior research and its limitations
Two previous meta-analyses have examined the moderating effect of temporal separation on the I-B association in PA (Downs & Hausenblas, 2005; McEachan et al., 2011) . Although these studies produced findings that were largely consistent with theoretical predictions, both are limited from both a methodological and practical standpoint. From a methodological perspective, the studies have two key limitations. First, neither study employed control variables whilst analysing the effect of temporal separation. Second, both studies employed subgroup analysis (≤ one week, one week to one month, one month to one year and ≤ 5 weeks, >5 weeks, respectively) to investigate differences in the magnitude of I-B associations across potentially arbitrary, researcher-defined categories of temporal separation. This latter point is also limiting from a practical standpoint, as it prevents these studies from providing a reliable estimate of the magnitude of the moderating effect, i.e. an estimate of the rate at which the predictive validity of intention falls over time.
The current meta-analysis, therefore, aims to build on prior research by addressing the above limitations. Specifically, by employing random-effects meta-regression to test the impact of temporal separation defined as a continuous variable, whilst controlling for the effects of variables found previously to moderate the I-B association in PA: participant age, publication type and the methods used to measure behaviour (Downs & Hausenblas, 2005; Hagger et al., 2002; McEachan et al., 2011) .
Methods

Selection criteria and study identification
The preferred reporting items for systematic reviews and meta-analyses (PRISMA (Moher, Liberati, Tetzlaff, & Altman, 2009 )) guidelines were followed throughout the design and conduct of this systematic review. We included studies published in English where the target population was adults aged 18-65, without any current or former medical conditions; the target behaviour was operationalised as physical activity or exercise; and where reported outcomes included bivariate correlations between intention and PA measured at a subsequent time point. Studies in which participants received an intervention were excluded. We searched PsycINFO, MEDLINE, Web of Science, CINAHL, and ProQuest Dissertations and Theses. We also scanned the reference lists of previous meta-analyses incorporating data on the I-B relationship in PA. All titles and abstracts from the formal electronic searches were pre-screened by one review author (MSMcD) for possible inclusion. Those selected were then subject to full-text assessment by the same author, with the accuracy of inclusions checked by a second (MA).
Data extraction
We extracted correlation data, sample size and the period of temporal separation between intention and behaviour (in weeks). In line with previous reviews (Downs & Hausenblas, 2005; Hagger et al., 2002) , we coded the age of participants as either 18-25 or 26-65 and publication type as either a journal article or dissertation. To control for risk of bias in included studies, we coded each correlation for the method used to measure behaviour. Following Sharma, Yetton, and Crawford (2009), a four-point ordinal scale ordered as archival (1), behaviourally continuous (2), behaviourally anchored (3) or perceptually anchored (4) was employed.
Data analysis
Calculation of the pooled mean effect size (r) was conducted using inverse-variance weighted random-effects meta-analysis (Borenstein, Hedges, Higgins, & Rothstein, 2009) . We also estimated the heterogeneity across studies, using both the Q and I 2 statistics (Higgins, Thompson, Deeks, & Altman, 2003) . To test for the moderating impact of temporal separation, we employed the protocol for random-effects meta-regression recommended by Borenstein et al. (2009) . Visual inspection of scatterplots and examination of Cook's distance (Field, 2005) for each included effect size were used to identify outliers. Based on this analysis, one study was excluded. The remaining effect sizes had a maximum temporal separation of 26 weeks. All analyses were performed using Comprehensive Meta-Analysis Version 3.0 (Borenstein et al., 2014) .
Results
The electronic search strategy retrieved 8517 unique records. A further 49 were identified through screening the reference lists of related meta-analyses. In total, 77 journal articles and 11 dissertations met the inclusion criteria. Details of the screening process can be seen in Figure 1 .
Data from seven studies were reported in more than one article. Relevant information was extracted from either as appropriate. Three articles reported data from two studies. Eighty-four studies were therefore included yielding 109 effect sizes between PA intention and behaviour with a total n = 31,870. A list of articles included in the meta-analysis is available in Supplementary File 1. An overview of study characteristics is presented in Table  1 . The random-effects meta-analysis showed that the average correlation between intention and behaviour was r = .51 (95% CI: .48, .54). Examination of the Q-statistic (Q = 1473.69,
Full-text titles excluded, (n = 504)
Not 'healthy' sample (n=107) No appropriate I-B metric reported (n=105) Participants aged <18 years (n=87) No prospective I-B association (n=77) Wrong behaviour (n=28) No assessment of PA behaviour (n=25) Participants aged >65 years (n=23) No assessment of intention (n=18) Received intervention (n=14) Not published in English (n=8) Could not locate (n=6) Insufficient item-level detail (n=3) Could not determine period of temporal separation (n=2) Excluded as an outlier (n=1)
PsycINFO 2720 titles
CINAHL
titles
Screening metaanalyses 49 titles p < .001) and I 2 (92.67%) indicated significant heterogeneity, supporting the use of meta-regression to explore moderators such as temporal separation.
Web of Science
The results of the meta-regression show that temporal separation in weeks was a significant moderator of the I-B correlation (B = −.014, p < .001) explaining 24% of the betweenstudy variance in the I-B relationship. A breakdown of average correlations for each period of temporal separation can be seen in Supplementary File 2. This result remained unchanged when temporal separation was entered simultaneously with control variables (B = −.013 [95% CI: −.020, −.007] p < .001) (see Table 2 ). Together, these variables accounted for 36% of the between-study variance in the I-B association.
Discussion
Identifying the precise nature of the relationship between behaviour and cognitive antecedents such as intention is of clear importance to those aiming to develop effective interventions for increasing rates of PA. The results of the current meta-analysis represent the most robust evidence to date in support of one of the key assumptions of the I-B relationship, specifically that the correlation between intention and behaviour decreases as the period of temporal separation between intention and behaviour increases. To our knowledge, the current meta-analysis is also the first to provide an estimate of the magnitude of the moderating effect of temporal separation.
This study has some strengths and limitations. A comprehensive search strategy was employed to identify both published and unpublished studies that met the inclusion criteria. In addition, temporal separation was operationalized as a continuous variable, allowing for a more reliable determination of its moderating impact compared with those studies employing potentially arbitrary categories of time intervals. Finally, a robust examination of the impact of temporal separation was conducted whilst controlling for methodological, participant and study-level control variables.
Against this, it is worth noting that despite controlling for key covariates, and the inclusion of a sample of studies that were largely homogenous in terms of participants and definitions of intention and behaviour, reported heterogeneity remained high (Q = 897.42, p < .001, I 2 = 88.63%) suggesting the presence of other moderators not accounted for in this analysis. Furthermore, the included studies restrict our ability to track how the I-B association develops beyond six months. We identified only one effect size where the period of temporal separation exceeded this time point, and this was excluded from the main analysis Table 2 . Meta-regression of the impact of temporal separation on the I-B association in PA with covariates.
Notes: Temporal separation was entered in weeks. Behaviour method type was coded as system captured (1) after being identified as an outlier. Based on the current analysis, however, which found that the I-B correlation decreased on average by .013 each week over the 26 weeks from the intercept (i.e. 0 weeks) of r = .459 (see Table 2 ), it seems unlikely that intention would continue to predict behaviour to a meaningful degree beyond this point. This is important since it takes time for the health benefits of PA to accrue. Each of these limitations represents a matter for further empirical research.
In conclusion, the findings of this meta-analysis suggest that although the overall I-B association in PA is moderate, it is significantly moderated by temporal separation to the extent that predicted levels of the association are negligible at six months. Further research is required to determine the persistence of the association beyond this time point. Although the current analysis controlled for different potential sources of bias, reported heterogeneity remained high which indicates the presence of moderators not controlled for here. Metaanalyses, incorporating a broader range of moderators, may be required to gain a more complete understanding of the progression of the I-B relationship in PA over time. The implications of this meta-analysis are threefold: (a) to maximize predictive capacity of the I-B relationship, researchers should focus on predicting PA behaviour in the short term; (b) it might be prudent for those planning interventions to incorporate multiple 'top ups' of intervention elements targeting intentions over time. This latter point is further supported by findings that a similar pattern appears to emerge in experimental studies (Webb & Sheeran, 2006) , and (c) given the extent to which the magnitude of the I-B association decreases over time, the utility of intention as a predictor of meaningful levels of PA appears questionable.
